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ABSTRACT
Caprarola, Michael A., Master of Science, June 1977, Physical Education 
The Validation of Methods Used to Predict Fitness. (48pp.)
Director; Dr. Brian J. Sharkey
The purpose of this study was to determine the validity of the step 
test and 1,5 mile run as predictors of fitness. A bicycle ergometer 
maximal oxygen consumption test, using a Technology Inc. Oxygen 
Consumption Computer, was the criterion to which these predictive 
measures were compared. Twenty-three male volunteers ranging 
in age from 19 to 24 years were subjects.
The submaximal step test consisted of stepping up onto and down 
from a bench (40 cm), at a rate of 22,5 steps per minute for five 
minutes. Using a Fitness Calculator based on the Astrand-Rhyming 
nomogram, maximal oxygen consumption (ml/kg/min) was predicted from 
pulse rate at the end of the work bout. The 1.5 mile test was run 
on an indoor track (10 laps to the mile). Using a graph developed 
by Sharkey, fitness levels were predicted from the 1.5 mile run 
times.
For the subjects in this study the step test and 1.5 mile run were 
valid predictors of fitness. Correlations of r = ,71 for the step 
test and r = .793 for the 1.5 mile run were significant at the .001 
level. The standard error was 7.22 for the step test and 3*12 for 
the 1.5 mile run. Mean differences of 2,7 for the step test and
1.0 for the 1.5 mile run were not significant.
In an attempt to improve the accuracy of prediction a correction 
factor was applied to the Calculator. Fitness values over 60,0 
ml/kg/min were adjusted downward. Application of the correction 
factor resulted in an increased correlation (r = .768), decreased 
standard error (4.9), and decreased mean difference (l.O). These 
predictive measures can be of value as screening procedures for 
fitness, but are not recommended for use when a high degree of 
accuracy is required.
XI
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Chapter I 
THE PROBLEM 
INTRODUCTION
Physical Fitness
The terra "physical fitness" has had many definitions. A 
number of physiologists including; Astrand, I. (1), Astrand, P. 0.
(6) Balke (8), Cooper (10), deVries (11), Sharkey (29), and Wyndham 
(3?) agree that maximal oxygen consumption is the best single measure 
of fitness. During prolonged heavy physical work the individual's 
performance capacity depends largely upon his ability to take in, 
transport and deliver oxygen to the working muscles. Consequently, 
maximal oxygen consumption is probably the best laboratory measure 
of a person's physical fitness, providing the definition of physical 
fitness is restricted to the capacity of the individual for prolonged 
heavy work (6).
The measurement of fitness is useful in the evaluation of 
occupational, educational and personal fitness programs. Because 
many organizations are adopting fitness standards simple, accurate, 
and inexpensive methods of assessment are needed. This study attempted 
to evaluate several predictive methods which are currently being used 
to assess fitness.
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Direct Tests
Maximal oxygen consumption can be measured via direct and 
predictive methods. Direct methods include; treadmill tests (16), 
bicycle tests (6), and step tests (23). These methods are intricate, 
expensive and require trained laboratory personnel to administer.
Since they involve a maximal exhaustive effort they are not advisable 
for older subjects (6).
Predictive Tests
Step Test. In 195^ Astrand and Rhyming (4) introduced a nomo­
gram for the calculation of maximal oxygen consumption from pulse rate 
during a submaximal step test. The step test consisted of stepping up 
onto and down from a bench at a rate of 22.5 steps per minute for a 
duration of five minutes. The fitness level was predicted from the 
pulse rate at the end of the work bout.
Studies have shown significant correlations between predicted 
and direct maximal oxygen consumption measures. Astrand and Rhyming 
(4) reported a correlation coefficient of r = .709 with a 6.8 percent 
error when comparing direct and predicted values. Glassford, et.al, 
(12) reported an r = .65 for a similar comparison. deVries (11) 
found a significant correlation of r = .736 for sixteen male subjects. 
Terraslinna, et.al. (35) reported a correlation of r = .69 in a simi­
lar study.
1 .5  Mile Run. Balke (8) reported a linear relationship between 
running velocities and oxygen requirements per unit of body mass.
The performance in runs of twelve to twenty minutes duration,
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expressed in amounts of oxygen required, matched the actual require­
ments quite closely. Taking the data from Balke (8), Cooper (10), 
and Daniels (30), Sharkey developed a graph (Appendix D) which 
predicted maximal oxygen consumption from 1.5 mile run times,
STATEMENT OF THE PROBLEM
Purpose
The purpose of this study was to determine the validity of 
the step test and 1.5 mile run as predictors of fitness, A bicycle 
ergometer maximal oxygen consumption test was the criterion to which 
these predictive measures were compared.
Significance of the Problem
In a state of emergency the Forest Service must employ casual 
personnel capable of meeting the physical demands of the job. The 
unfit worker endangers his life along with the life of his fellow 
firefighter. He must maintain a certain fitness level in order to 
perform the required firefighting tasks. For this reason the Forest 
Service needed an accurate means of assessing the fitness of its 
employees.
In 1975» the Forest Service and some Interior Department 
Agencies adopted the step test and 1.5 mile run as screening proce­
dures for wildland firefighting jobs. This study was undertaken 
under the terms of a cooperative research agreement between the 
University of Montana Human Performance Laboratory and the U. S. Forest 
Service. Its purpose was to determine the validity of these tests as 
predictors of fitness.
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DEFINITIONS
Maixlmal Oxygen Consumption.-The maximum ability to take in, 
transport, and use oxygen. Also referred'to as aerobic capacity, 
maximal oxygen uptake and fitness, it is probably the best measure 
of overall physical fitness.
Bicycle Ergometer Maximal Oxygen Consumption Test.-This test 
of fitness is also referred to as a direct test and involves an 
exhaustive effort on the bicycle ergometer. The liters of oxygen 
consumed in the final minute of the work bout were measured on a 
Technology Inc. Oxygen Consumption Computer.
Step Test.-This submaximal test is used to predict fitness. 
The test consists of a five minute work bout with a fifteen second 
post-exercise pulse rate taken fifteen seconds after the test. The 
pulse rate, age, and weight are dialed into the Fitness Calculator 
(Appendix G) from which the predicted fitness level is calculated,
1.5 Mile Runo-This test predicts fitness from the time of a
1.5 mile run.
Fitness Calculator.-The Fitness Calculator predicts maximal 
oxygen consumption from age, weight, and pulse following the step 
test. Work on the calculator began in 1965 at the Forest Service 
Equipment Development Center in Missoula, Montana, In I968 the 
calculator was adapted for women and during the 1975-74 fire seasons, 
the California region of the Forest Service adopted the test and 
fitness standards for firefighters. In 1975 several federal agencies 
adopted the test as a requirement for employment.
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Chapter II 
SURVEY OF RELATED LITERATURE
This chapter discusses the value of the step test and 1.5 
mile run as predictors of fitness. The first section discusses the 
reasons why maximal oxygen consumption was chosen as the measure of 
fitness to which these predictive tests were compared. The opening 
section also deals with the direct test in terms of its implications 
for prolonged work and procedures.
The remainder of the review is devoted to a discussion of 
predictive tests. Assumptions, age corrections, post exercise pulse 
rates and standardized conditions are examined along with an extensive 
review of studies which examine the validity of submaximal predictive 
tests, The 1.5 mile run and its value as a maximal predictive test 
is the final area discussed.
Prolonged Work
An individual can maintain only a certain percentage of his 
maximal oxygen consumption for a given period of time. The factors 
which affect this percentage are the duration of the activity and 
the fitness level of the individual.
Astrand, I. (1) exercised four well trained subjects for 
seven fifty-minute work periods and found that a load of fifty
5
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percent of the maximal oxygen consumption could be maintained for a 
whole working day. A well trained subject could work as high as 
sixty percent for eight hours while an untrained subject could work 
at about thirty percent for this same period. In prolonged exercise, 
motivation, state of training, water balance and depots of available 
energy are important for the performance capacity. From Astrand and 
Rodahl's data (6), it is obvious that the individual's fitness level 
plays a decisive role in his work capacity. If a given task demands
2.0 liters of oxygen per minute, the man with a capacity of 4.0 liters 
has a satisfactory safety margin while the man with a 2.5 liter capa­
city must work dangerously close to his maximum,
DIRECT TESTS
Requirements
Any test of maximal oxygen consumption should meet the 
following requirements: the work in question must involve large
muscle groups, the workload must be measureable and reproducible, the 
test conditions must be such that the results are comparable and 
repeatable, the test must be tolerated by all healthy individuals, 
and the mechanical efficiency required to perform the task should be 
as uniform as possible in the population to be tested (6).
Procedure
Usually a test of maximal oxygen consumption starts with a 
submaximal load which also serves as a warm-up activity. The load 
may then be increased in one of several ways; 1) to a level which in
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
preliminary experiments was found to represent the predicted maximal 
load for the subject; 2) stepwise with several submaximal, maximal or 
"super-maximal" loads, the subject working five to six minutes at 
each load, with or without rest periods between each load; 3) step­
wise every other minute until exhaustion (6), Method number two has 
the advantage of giving valuable information about oxygen intake, 
pulse rate and ventilation at each workload because the workload 
is of sufficient duration to attain steady state* Method number 
three is advantageous because it is the quickest way of determining 
the maximal consumption.
Termination
There is a linear increase in oxygen consumption measured 
after about five minutes of exercise with different workloads up to 
a point where the maximum for oxygen transportation appears to be 
reached. There are two major criteria indicating that this maximum 
has been measured; no further increase in oxygen uptake despite a 
further increase in workload and a blood lactate concentration above 
70 to 80 mg, per 100 ml. of blood (26). For these reasons an all- 
out test is not necessary. A subject may be able to perform at a 
higher workload but if the oxygen consumption remains constant for 
two workloads it can be assumed that the maximum has been reached 
and the test can be stopped.
The heavier the workload the steeper the increase in 
oxygen consumption and heart rate. In very heavy exercise the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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maximal oxygen consumption and heart rate may he attained within one 
minute, provided a sufficient warm-up period proceeds the maximal 
effort (16), In repeated determinations on the same subject, the 
average standard deviation is about three percent (13, 3̂., 39).
SUBMAXIMAL PREDICTIVE TESTS
Astrand-Rhyming Nomogram
In 1934 Astrand and Rhyming (4) developed a nomogram for the 
calculation of maximal oxygen consumption from pulse rate during 
submaximal work. The nomogram, which was based on the Harvard Step Test 
(2 2), was first devised by plotting the pulse rates of subjects 
working at fifty and seventy percent of maximum. It was observed 
that maximal oxygen consumption could be predicted by extending the 
line connecting these points out to the subject's predicted maximal 
heart rate. A study of fifty men and sixty-two women indicated that 
fitness level could be calculated from a submaximal workload within 
a range of six percent.
The nomogram predicted maximal oxygen consumption from sub- 
maximal workloads on both the step bench and the bicycle ergometer. 
Performed work on the step test (bench forty centimeters for men, 
thirty centimeters for women and a rate of twenty-two and one half 
steps per minute) was calculated from body weight, bench height and 
a constant mechanical efficiency. The original test was developed 
using subjects aged eighteen to thirty, therefore the effects on 
those younger or older were not reported.
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Assumptions
There are several assumptions on which all submaximal tests 
are based. The following is a discussion of each of these assumptions.
Heart Rate. Heart rate and oxygen consumption are linear 
functions of each other throughout the entire range of work (21).
Maritz found this premise not to be strictly valid. He reported a 
sharp departure from the linear relationship at high workloads. He 
found the actual measured maximal oxygen consumption to be .131 liters 
higher than the predicted value. Astrand and Rodahl (6) agreed with 
Maritz and offered the explanation that an efficient redistribution of 
blood giving the working muscles an appropriate share of the cardiac 
output is not brought about until the very heavy workloads are reached. 
From this assumption it is obvious that fitness would be underestimated 
by an extrapolation from the heart rate response to submaximal loads.
Mechanical Efficiency. Oxygen consumption deviates very 
little from the straight line relating it and rate of work for the 
population, so that consumption for a task performed against gravity 
can be estimated with reasonable precision from rate of work (21). 
Wahlund (3 6) reported a fairly constant mechanical efficiency for 
men of different fitness levels while working on the bicycle ergo­
meter. He found that consumption could be indirectly estimated from 
workload within a range of eight percent. Astrand and Rodahl (6) 
reported a mechanical efficiency of six percent on the bicycle ergo­
meter. This variance in mechanical efficiency could mean a score 
as low as 1.9 liters or as high as 2,3 liters for a workload with a
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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mean of 2.1 liters of oxygen per minute. The lower the mechanical 
efficiency of the subject the lower his predicted score will be.
Cardiac Output. Cardiac output at a given oxygen consumption 
will vary very little. The heart rate will vary inversely with the 
individual’s stroke volume thus the lower the heart rate at a given 
workload the larger the stroke volume. Astrand and Rodahl (6) reported 
that the cardiac output is not strictly related to the oxygen consump­
tion showing individual variation, but for the prediction from heart 
rate at a submaximal load the variation is not significant. There is 
a linear increase in heart rate with workload. This along with the 
linear relationship between workload and oxygen consumption are 
important assumptions on which submaximal tests are based.
Maximal Heart Rate. The individual variablity of maximal 
heart rate around the mean for the population is significantly small 
to use the mean in a routine test procedure without the introduction 
of large errors (21). In all submaximal tests the slope of the heart 
rate-oxygen consumption line is determined from measurements made 
during submaximal work with an extrapolation being made to the 
predicted maximal heart rate. An extreme variance in heart rate will 
therefore significantly alter the predicted value. Marita (21) reported 
the individual variability of maximal heart rate about the population 
mean to be so small (a standard deviation of 8.4 for six trained 
subjects) that it is not likely to influence the prediction. Astrand 
and Rodahl (2) reported a standard deviation within an age group of 
about ten beats per minute. With a standard deviation of ten beats 
per minute it is possible for a subject with a presumed maximal
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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heart rate of 195 beats per minute and a maximal oxygen consumption 
of 3*5 liters of oxygen per minute to predict as low as 3*0 liters 
or as high as 4,0 liters and still be within two standard deviations 
of the maximal heart rate.
Age Corrections
Irma Astrand (1) reported an average maximal heart rate, for 
nine subjects fifty-six to slxty-elght years of age, of 163 beats per 
minute. A decrease in maximal heart rate with age would be expected 
to cause a reduction In maximal oxygen consumption. The etiology of 
this decrease with age Is still obscure. She reported that older 
subjects have a lower oxygen pulse meaning less oxygen consumed per 
beat. Irma Astrand (2) suggested that predicted values from the 
Astrand-Rhyming nomogram be corrected for age. The age correction 
factor for age twenty-five Is 1.00 (n=73)> for age thirty-five Is .8? 
(n=2 5), for age forty-five Is .78 (n=l?), and for age fifty-five Is 
.71 (n-82) and for age slxty-flve is .6 5 (n=8). She emphasizes that 
all forms of extrapolation from submaxlmal workloads to a fixed heart 
rate without regard to age during cycling, walking, running or a step 
test may be misleading depending upon the maximal heart rate In 
different age groups,
Marltz (2 1) reported the main source of error In estimating 
maximal oxygen consumption from the Astrand-Rhyming nomogram Is In 
using a point of common origin as one of the two plots of heart rate 
against maximal oxygen consumption to which a straight line Is fitted. 
Only one measurement of heart rate Introduces a bias of .3I liters 
in the estimate of a score of 3 .0 liters per minute.
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Maritz suggested that this hias can he reduced hy fitting a 
straight line by least squares to the plots of four pairs of heart 
rate and maximal oxygen consumption scores at four rates of work. 
Astrand (4-) chose a resting heart rate of sixty beats per minute at 
zero oxygen consumption instead of using population mean heart rates 
and oxygen values. Maritz found a standard deviation of .51 liters 
using the least squares method as compared with .73 liters using 
Astrand’s method. He concluded the accuracy of estimation by the 
present method could be improved by fitting a straight line by least 
squares.
Standardized Conditions
Submaximal tests must be carried out under strictly standard­
ized conditions in order to maintain their validity. These standard­
ized conditions include ; a subject who is free of any infection; 
several hours between the last meal and the test; a room temperature 
of eighteen to twenty degrees centigrade and an adequately ventilated 
room (3 4). Under such standardized conditions the variation from 
day to day in heart rate at a given oxygen consumption is less than 
five beats per minute providing the state of training is the same.
The mean for a group of subjects undergoing repeated tests under 
these conditions remains almost exactly the same (6).
Astrand and Rodahl (6) reported a number of situations which 
may cause a marked increase in the pulse rate at a submaxlmal workload 
without the maximal oxygen consumption being significantly reduced; 
dehydration during heavy physical work or during exposure to heat;
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
13
prolonged heavy exercise; work in a hot environment; after pyrogen 
induced fever. Fear, excitement and related emotional stress may 
also cause a marked elevation in the submaximal pulse without signi­
ficantly reducing fitness. Since heavier workloads minimize the 
nervous effect, it is recommended that the test load be sufficiently 
high to bring the pulse rate over one hundred fifty beats per minute. 
The two instances when the pulse rate for a standard workload may be 
unchanged while the fitness level is reduced are following acclimati­
zation for a certain period at high altitude, and during semi-starva­
tion.
Post Exercise Pulse Rates
To adapt the Astrand-Rhyming nomogram for field use it was 
necessary to eliminate the need for measuring exercise pulse rate. 
Montoye (22) found a correlation coefficient of .95 when relating 
the exercise and post exercise pulse rate taken from one to one and 
one half minutes after the Harvard Step test. Sharkey (27) found a 
correlation coefficient of .78 (n=2 5) for a post pulse taken from 
thirty to forty-five seconds. Although this was highly significant 
it was not considered satisfactory. Further tests produced a correla­
tion coefficient of .88 (n=79) for a post-pulse taken from fifteen to 
thirty seconds. He attempted to improve this correlation by recording 
the rate from ten to twenty-five seconds (n=20), but the correlation 
coefficient remained constant.
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VALIDITY OF SUBMAXIMAL TESTS
According to Rhyming (2 5), maximal oxygen consumption can he 
calculated from work level within an error of six percent in two-thirds 
of the subjects. Rhyming had fifty men and sixty-two women perform a 
modified step test which included a bench that was forty centimeters 
for men and thirty centimeters for women and a rate of 2 2 ,5 steps per 
minute. The performed work was then calculated from the subject's 
body weight, bench height and an assumption of constant mechanical 
efficiency.
Astrand and Rhyming (4) reported an error of ten percent in 
comparing the actual and predicted maximal oxygen consumption using 
the bicycle ergometer (Table 1).
Table 1 
Nomogram Predictions
Test and Number of Subjects
Max,
Act, Nomogram
Standard
Deviation
Percent
Error
Cycle 900 kgm/min (n=2?m) 4.11 4 .0 7 .43 10.4
Cycle 1200 kgm/min (n=22m) 4 .1 5 4 .1 7 .28 6.7
Cycle 600 kgm/min (n=31f) 2.87 3 .0 0 .42 9.4
Cycle 900 kgm/min (n=29f) 2 .9 1 2 .9 2 .2 7 9 .4
Step Test (n=18m) 4 .0 3 4 .0 3 ,28 6 .9
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Hettinger (15), testing twenty-eight subjects between twenty 
and thirty years of age, reported a statistically significant 
correlation (P ̂ .01) when comparing predicted and actual maximal 
oxygen consumption. According to measures of blood lactate these 
scores were near maximal□ The pulse rates were taken at 600, 750»
900 and 1050 kgm per minute and the predicted values were higher 
than the actual values. Hettinger suggested the reason the predicted 
scores were higher was because the subjects tested by Astrand and 
Rhyming (4) were in much better physical condition than those in his 
study.
Maritz (21) tested four subjects at four workloads and fitted 
a straight line by least squares. He found that maximal oxygen 
consumption could be estimated with a six percent coefficient of 
variation from a straight line relating consumption for various rates 
of stepping and rate of work,
Glassford, et.al. (12), compared three direct methods of 
measuring maximal oxygen consumption with the Astrand-Rhyming predic­
tive method. They reported correlation coefficients of .72 using the 
Taylor-Busklrk Treadmill Test, ,78 using the Mitchell-Sproul Treadmill 
Test and .65 using the Astrand bicycle ergometer test.
deVries (11) compared actual maximal oxygen consumption with 
four different predictive methods. Sixteen male physical education 
majors aged twenty to twenty-six were used for this study. The four 
tests evaluated were the Sjostrand-Wahlund test of physical fitness, 
the Harvard Step Test, the Progressive Pulse Rate Test, and the
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Astrand-Rhyming nomogram bicycle test. The results are presented 
in Table 2,
Table 2
Validity of Predictive Tests
Sjostrand 
Wahlund
Harvard 
Step Test
Progressive
Pulse
Astrand
Nomogram
.877 ,766 .711 .736
Standard Error of 
Prediction 4 ,7 4 6 .3 5 6,93 .3 3 9
Standard Error of 
Prediction Percent 9.4% 1 2,5% 1 3.7# 9.3^
Sharkey (2 7 ) reported a correlation coefficient of .5^ between 
actual and predicted scores using the Astrand-Rhyming nomogram step 
testo A comparison of means showed the Step Test underestimated 
consumption by a?Ol liters. These findings agree with Wyndham®s {39}t 
who found a .32 liter underestimation in comparing actual and predicted 
scores, Sharkey also reported a ,7^0 liter underestimation for a 
group of eight subjects which dropped to .470 liters after a training 
period.
The standard error of the method for the prediction of maximal 
oxygen consumption from submaximal tests is about ten percent in 
relatively well trained individuals. Untrained persons are often 
underestimated and extremely well trained athletes are often over­
estimated ( 6  ). Von Dobeln (40), in a study of eighty-four subjects
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aged thirty to seventy, found the nomogram to underestimate the 
maximal oxygen consumption by .15 liters with a standard deviation 
of seventeen percent. By introducing a new age correction factor 
and using a prediction based on submaximal heart rate, maximal heart 
rate and age, a standard deviation of 8o4 percent was achieved.
Rowell, et al. (26) compared the actual and predected scores 
using the Astrand-Rhyming nomogram bicycle test on ten endurance 
athletes and eight non-athletes. The percent error was 5*6 for 
athletes, 2 7 ,0 for non-athletes before training and 14.0 percent for 
non-athletes after training,
MAXIMAL PREDICTIVE TESTS
Running Tests
Balke (8) indicated that a fifteen minute best effort run 
could be substituted for a laboratory test of fitness, Astrand (6) 
found that the oxygen required for running velocities between five 
and eleven miles per hour was linearly related to running performance, 
Balke (8) tested five adult males and found similar results. He found 
that maximal oxygen consumption could be predicted from runs of 
approximately ten to twenty minutes duration,
Balke (8 ) compared the fitness level estimated from average 
velocity during a two mile run with actual values. He reported that 
in seven out of nine cases the scores for both tests fell within a 
range of five percent. In a related study a group of thirty-four 
high school boys had an average maximal oxygen consumption of 45*6 
on the treadmill compared with a value of 44.4 predicted from velocity.
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Cooper (10) reported a correlation coefficient of r - .90 
when comparing the predicted fitness level from a twelve minute run 
with the actual fitness level as determined on the treadmill.
Taking the data from Balke (8), Cooper (lO), and Daniels (29), 
Sharkey developed a graph (Appendix D) which predicted maximal oxygen 
consumption from the time of the 1.5 mile run. This is a valuable 
field test because it can be given to large groups of people in a 
short amount of time. Pace and motivation are of particular importance 
in the completion of this test.
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Chapter III 
EQUIPMENT AND PROCEDURES 
BICYCLE ERGOMETER MAXIMAL OXYGEN CONSUMPTION TEST
Equipment
The equipment for this test included; a Technology Incorpor­
ated Model 1000 - Oxygen Consumption Computer, a Monark bicycle 
ergometer, Douglas Bag, Fisher Gas Partitioner, mouthpiece, airhose, 
noseplug, metronome, and stopwatcho
Oxygen Consumption Computer, The O.C.C. was developed by 
Technology Inc., Versatronics Division. The instrument consisted of 
a mass flowmeter calibrated for flow rates up to 600 liters per 
minute and a polargraphic oxygen sensor. The outputs were fed into 
an associated computer which converted the data into oxygen consumption.
A four point mode selection switch permitted 1) flushing of 
the system with air, 2) calibration of the oxygen sensor with room 
air by means of a separate ten revolution potentiometer, 3) continuous 
integration of oxygen consumption, and 4) automatic one minute inte­
grations, In the automatic mode an entire one minute cycle commenced 
seven seconds after the instrument was reset,
Londeree (19) found an interclass correlation of r = ,995 
when comparing O.C.C. values with those obtained via raicro-schellander 
analysis. The high validity coefficient warranted the use of the 
O.C.C. for research purposes,
19
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Monark Bicycle Ergometer. The resistance on the stationary 
bicycle was varied by manually increasing the tension on the friction 
belt. The height of the seat was adjustable and workload was calcu­
lated according to procedures described by Astrand (6). The circum­
ference of the flywheel and the gear ratio of the bicycle ergometer 
was such that at a pedal rate of fifty revolutions per minute, the 
subject travelled the equivalent of 300 meters horizonally. When 
tension was applied to the belt surrounding the flywheel, the deflec­
tion of the pendulum scale read the units in kiloponds, where one 
kilopond was the force acting on a mass of one kilogram at normal 
acceleration due to gravity. The braking power (kp*s), set by 
adjusting the belt tension, multiplied by the distance covered (meters), 
gave the amount of work in kilopond meters (kpm). With a pedal rate 
of fifty-eight revolutions per minute, a resistance of loO kp on the 
bicycle ergometer equalled 360 kpm's, a resistance of lo5 kp's equalled 
5^0 kpm's, and a resistance of 2„0 kp's equalled 720 kpm's, etc.
Procedure
The subject mounted the bicycle ergometer and adjusted the 
seat height to where he could obtain almost full extension of the leg 
on each pedals After being fitted with a mouthpiece and noseplug, he 
warmed-up for two minutes at a low workload. The metronome was set at 
a rate of ll6 beats per minute with a workload of either ji40, 72 0, or 
900 kpm's depending on the predicted fitness level.
The subject pedalled at a rate of one leg extension per beat 
for two minutes at the first workload. The carotid pulse was taken
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and recorded in the second minute. At the end of the second minute 
there was a 180 kpm increase in workload followed by the same 
procedure.
Oxygen consumption was recorded during the second minute of 
the third workload» The same procedure was followed for subsequent 
workloads»
The subject was told to signal when he could continue for 
only one more minute. After the final reading was taken the subject 
cooled down by pedalling at a lower resistance. Maximal oxygen 
consumption was calculated by dividing the liters of oxygen consumed 
in the final minute by the body weight of the subject»
Comments
To obtain maximal values when using the bicycle ergometer 
motivation is of particular importance because of local fatigue in 
the knees and legs» The work position is also of critical importance, 
The subject should be sitting vertically over the pedals and the seat 
should be high enough so that the leg is almost completely extended 
when the pedal is in its lowest position» It is also suggested that 
in the case of persons who have never used a bicycle before that a 
maximal test on the bicycle may be undesirable as a method to assess 
fitness.
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STEP TEST
Equipment
The equipment for this test included; bench (40 cm), metronome, 
stopwatch, chair, scale, thermometer, and quiet room.
Procedure
The subject sat quietly for five to ten minutes» A pre-test 
pulse rate was taken to determine if the subject was relaxed (such 
variables as anxiety could cause the resting heart rate to be abnor­
mally high and thus reduce the fitness score)»
The subject was told to breath normally throughout the entire 
exercise and recovery phase (breath holding could cause a marked 
changed in the results)» The metronome was set at a rate of ninety 
beats per minute and started.
The subject stepped up onto the bench and back down to the 
floor in time with the metronome. He stood erect on the bench and 
changed the lead leg if it became tired. After five minutes the test 
was stopped and the subject sat down.
The pulse rate was taken for exactly fifteen seconds starting 
exactly fifteen seconds after the test ended. The predicted maximal 
oxygen consumption was found by dialing the body weight, pulse rate 
and age into the Fitness Calculator»
Comments
The administrator of the step test made an effort to relax the 
subjects by 1) verbally encouraging them to relax, 2) administering the
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test in a quiet and relaxed atmosphere free of spectators and distract­
ing stimuli, 3) reminding them of the relative ease with which the test 
was performed in earlier trials (this helped reduce anxiety that might 
have resulted during previous trials due to the uncertainty of test 
difficulty), and 4) giving only the step test on the second testing 
day (the anticipation of having to perform another test on the same 
day could lead to an anticipatory rise in pulse rate)*
1.5 mile run
Equipment
The equipment for this test included a stopwatch and indoor 
track (ten laps to a mile).
Procedure
The subjects were encouraged to give a maximal performance.
They were given splits and kept informed on the number of laps 
remaining. Upon conclusion the time was recorded and converted to a 
fitness score using the graph presented in Appendix D.
SUBJECTS
Subjects were volunteers from physical activity classes offered 
at the University of Montana, Their physical characteristics are 
presented in Table 3« Prior to testing, they were informed of the 
purpose of the study and nature of the tests* Informed consent was 
obtained from each subject.
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Chapter IV 
ANALYSIS AND DISCUSSION OF RESULTS
The first section of this chapter deals with a detailed 
statistical analysis of direct and predictive testing. This is 
followed by a discussion of the effects of several factors on the 
accuracy of prediction, A correction factor applied to the Fitness 
Calculator is the final area discussed,
ANALYSIS OF DATA
Direct Tests
Bicycle Ergometer Maximal Oxygen Consumption Test, The results 
of the direct tests are presented in Table 4, The starting workload 
was varied depending on the predicted fitness level of the subject.
The starting workload ranged from 300 to 750 kilopond meters (kpm*s).
For the first test the scores ranged from 28.48 to 70.43 with a mean 
of 53«0 ml/kg/min.
Eighteen subjects took the second maximal test. It was not 
given to all subjects due to time limitations and a decision that it 
was not needed based on the results of the first test (a linear increase 
in oxygen and workload with a leveling off at the maximal heart rate). 
The predicted fitness scores ranged from 24.5 to 71.14 with a mean of 
53.9 ml/kg/min.
24
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Table 3 
Physical Characteristics
Subject Age Height (cm) Weight (kg)
J.B. 23 180 73.4
L.B. 21 180 76.8
Ga, Do 22 170 74.7
Gr.D, 21 172 70.9
T.D. 21 176 7 5 .9
To.D. 19 170 77.9
S.F. 23 176 79.8
D.H. 19 170 69.3
M.H. 22 180 73.4
K.J. 20 182 71.5
M.K. 22 185 88.6
B.L. 20 162 59
J.L. 23 175 68,8
G.L. 20 176 61.8
T.M. 19 177 6 7 .2
M.M. 19 176 66 ,1
J.M. 22 182 87.7
G.P. 19 167 85.9
B.S. 20 190 120
T.S. 23 182 79,0
B.T. 21 182 75.2
B.V. 24 172 78.4
G.W. 24 167 64o 5
MEAN 21o2 176 76,7
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Subject
First Trial Second Trial Best Trial
Maxo
HR
VOg
L/min ml/kg^min
Max. 
HR
VO2
L/min
VO^
ml/kg/min
vo_
ml/kg/min
J.B. 20̂ .̂ 4 .3 1 58.91 — 58.91
L.B. 204 4.21 54.48 204 4 .3 9 5 7 .1 5 5 7 .1 5
Ga» Do 204 5.04 6 7 .4 - “ - 6 7 .4
Or,Do 200 5.04 6 7 .7 — — - 6 7 .7
T.D. 212 4.77 61.7 - — 61.7
To.Do 180 3 .1 2 40.02 — — 40.02
S.F. 196 3 .3 2 41.55 204 3 .9 1 48.66 48.66
D.H. 196 4oll 59.98 196 4.35 62 .7 6 6 2 .7 6
M.H. 176 3.97 54.08 180 4 .3 4 5 9 .2 9 5 9 .2 9
K.J. 200 3.80 53.08 200 4 ,2 3 5 9 .2 7 5 9 .2 7
M.K. 216 4 .9 2 55.26 216 4 ,9 0 55 .31 55 .31
B.L. 208 3 .9 4 6 6 ,6 7 204 3 .7 62 .38 66067
J.L. 188 4 .2 9 6 3 .6 188 4 .4 3 64.33 64.33
G.L. 188 3 .0 5 5 0 .4 5 188 3 .0 5 4 9 .3 9 5 0 .4 5
T.M. 212 3.16 46.42 208 3.83 55 .43 5 5 .4 3
M.M. 200 3 .4 3 5 1 .86 196 3 .2 2 48.69 5 1 .8 6
J.M. 200 4.21 47.99 208 4,54 51.35 51.35
G.P. 212 3.02 35.34 216 3.85 44.81 44.81
B.S. 204 3.43 28.48 204 2.95 24.51 28.48
T.S. 208 3.80 48,89 208 4.0 50.57 50.57
B.T. 220 5 .2 5 70.43 220 5.35 71.14 71.14
B.V. 200 4.02 51.41 204 4.39 55.1 55.1
G.W. 196 2.93 45.39 196 3.20 50.1 50 .1
MEAN 201 3.95 53.0 202 4.03 53.9 57.6
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Four subjects scored highest on the first trial and the 
remaining fourteen scored highest on the second. The mean maximal 
oxygen consumption was 2 ,5  ml/kg/min higher on the second trial. 
Possible reasons for this increase include; l) familiarity with the 
test (the subjects were unsure of how long they could continue on 
the first trial, and in some cases after stopping commented that 
they could have continued longer), and 2 ) starting and finishing 
at higher workloads. The mean for the best score was 55»  ̂ml/kg/min.
Predictive Tests
Step Test. , These results are reported in Table 5* A major 
problem was the control of factors which could cause a marked increase 
in pulse rate at a submaximal workload without the maximal oxygen 
consumption being significantly reduced ( 6  ). The subjects showed 
signs of nervousness and anxiety prior to testing. This was reflected 
in abnormally high resting pulse rates after being informed about the 
test. In these cases the subjects were asked to sit quietly for a 
period of five minutes. Although the administrator did wait for the 
resting pulse rates to lower, the high post-exercise rates could be 
attributed in part to anxiety. The second step test was given alone 
in order to help reduce anxiety that might be caused in anticipation 
of another test.
The mean for the first step test trial was 55o3 ml/kg/min,
54-,8 for the second, and 52,6 ml/kg/min for the third. Seven subjects 
scored highest on the first trial, ten on the second, and six on the 
third. The higher mean for the first trial can be attributed to
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Subject
step Test “ VOg ml/kg/min 1 .5  Mile Run
Trial
1
Trial
2
Trial
3
Best
Trial
Corrected
Score
Time vo_
ml/kg/min
J.B. 48 52 48 52 — 9:20 56
L.B. 47 52 60 60 - 1 0 :0 0 5 2 ,5
Gs-. D* 69 54 - 69 64.5 8:15 62 .5
Gr.D, 56 54 43 56 — 8130 60
T.D. 46 45 52 52 - — -
To. Do 42 45 - 45 - - -
S.F. 41 38 41 41 - - —
D.H. 58 72 - 72 67 8:if4 59
M.H. 69 74 - 74 69 8:18 6 2 .5
K.J. 72 69 - 72 67 8:48 59
M.K. 59 61 58 61 60 7:32 6 7 .5
B.L. 73 75 78 78 73 7 :1 6 69
J.L. 50 50 53 53 — 9:30 55
G.L. 57 53 64 64 6 1 .5 8:41 59
T.M. 56 51 54 56 — 8:14 6 2 .5
M.M. 49 53 46 53 - 10:35 50
J.M. 54 56 - 56 - 1 0 :0 0 5 2 .5
G.P. 42 42 38 42 10:08 52
B.S. 36 35 36 - 13:23 3 7 .5
T.S. 50 50 - 50 — 9:34 5 4 .5
B.T. 81 72 — 81 74 7:03 71
B.V. 54 54 50 54 — 9:39 54
G.W. 64 55 - 64 61 9:13 56o5
MEAN 55.3 54.8 5 2 ,6 58.3 5 6 .6 9 :0 6 57.6
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
29
abnormally large decreases In three cases, G.D., B.T., and G.W, dropped 
an average of eleven ml/kg/mino The mean for the best step test was
58.3 .
The literature recommends that at least two trials be given 
in order to assure an accurate prediction ( 6  ). Since the test 
conditions varied it was not possible to determine the number of trials 
necessary from the data in this study. Since twelve subjects improved 
on the second trial and ten scored highest, it can be suggested that 
at least two trials be given, A third step test can be given if the 
administrator feels the previous two trials underpredicted the fitness 
level. It is suggested that the administrator strictly adhere to 
standardized conditions for submaximal tests (26) in order to obtain 
the highest prediction with the least number of trials,
1,5 Mile Run, Twenty subjects took part in the 1,5 mile run. 
The results are presented in Table 5» The predicted maximal oxygen 
consumption ranged from 3?»5 to 71,0, with a mean of 57 .6 ml/kg/min.
Statistical Analysis
In order to determine their validity as predictors of fitness, 
the best step test and 1 ,5 mile run results were compared to the 
criterion test. The correlation coefficient (r), standard error of 
the estimate (S y°x), regression equation, and mean difference was 
calculated for each comparison and is presented in Table 6.
Step Test. The step test scores were compared to the criterion 
test for twenty-three subjects. The correlation of r = 0,71 was signi­
ficant at the .001 level. The standard error of 7.22 was large enough
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Table 6 
Statistical Analysis
(/>
o'3
2, X vs Y n X Y X Diff. r s y»x Regression Equation
3^CP
8 Best Step 23 58.3 55.6 2.7 .71* 7.22 y = .59 X + 21.1c5'3 vs Maximal Test
i3CP
"n Corrected Step 23 56.6 55.6 1.0 .768* 4,9 y = .77 X + 12.9c
3"CP
vs Maximal Test
CD■D
OQ. 1.5 Mile Run 20 57.6 56,4 1.2 .793^ 3.12 y = 1.06 X - 4,6
a
O3
vs Maximal Test
O3"
CT Best Step 20 60.1 57.6 2.5 ,84* 4,0 y = .53 X + 26.8
Q.g vs 1,5 Mile Run5o
"OCPq Corrected Step 20 58.2 57,6 .6 .86* 3.7 y = .66 X + 19,23
(/)' vs 1.5 Mile Runw
3
Ŝignificant at ,001 level,
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to allow scores to range between 3 0 ,0 and 64.0 and still be within 
one standard deviation of a score of 57.0 ml/kg/min. The mean 
difference of 2 .7 was not statistically significant,
lo5 Mile Run. The 1,5 mile run was compared to the criterion 
test for twenty subjects. The correlation of r == 0.793 was significant 
at the ,001 level. The standard error of 3*12 allowed scores to range 
between 53«88 and 60.12 and still be within a standard deviation of 
57'0 ml/kg/min. The mean difference of one was not significant,
DISCUSSION OF RESULTS
Mechanical efficiency, maximal heart rate and post exercise 
pulse rates were factors which affected the results of this study 
most markedly. This section presents a detailed discussion of how 
and why these factors affected the accuracy of prediction, A correc­
tion factor applied to the Fitness Calculator is also discussed. 
Mechanical Efficiency, Wahlund (3 6 ) reported a fairly 
constant mechanical efficiency for men of all fitness levels. He and 
others reported that fitness could be estimated from workload within 
a range of eight percent. The eight percent range would introduce 
an error large enough to easily account for the 2 ,7 mean difference 
between the step test and direct test.
Maximal Heart Rate. In the step test the slope of the heart 
rate oxygen consumption line was determined from measurements made 
during submaximal work with an extrapolation made to the predicted 
maximal heart rate (21), Astrand and Rodahl (2) reported standard 
deviation for maximal heart within an age group of ten beats per
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minute, This variance was a factor in the accuracy of the Fitness 
Galculatoro In the cases of M.H. and G.L., the overprediction, which 
averaged 1 1 ,0 ml/kg/min, could be attributed to low maximal heart 
rates. Had the extrapolation been made to actual maximal heart rates 
the overpredictions would not have been nearly as large,
Post-Exercise Pulse Rates. To adapt the step test for field 
use it was necessary to eliminate the need for measuring exercise 
pulse rates. The use of post-exercise pulse rates could have lessened 
the accuracy of prediction in this study. The population for this 
study included a large number of subjects in the high fitness category. 
The population used in developing the regression equation relating 
exercise and post-exercise rates did not include a large number from 
this category. Thus, the equation did not take into account the quick 
recovery time of the highly fit subjects. The quick recovery time 
lowered the pulse rates which were dialed into the Fitness Calculator, 
and increased the predicted fitness levels. The net result was a 
decrease in the accuracy of prediction.
Related Studies
The correlations in this study compared favorably with those 
reported in related literature. The correlation of r = .?! for the 
step test was higher than those reported by Astrand and Rhyming (4), 
r = .709; Glassford, et al, (12), r = .65; and Terraslinna, et.al, (35), 
r = .69, Although deVries (11) found a higher correlation of r = ,736, 
the corrected step test value of r = .768 was even higher.
The correlation of r = .793 for the 1,5 mile run is lower 
than reported by Cooper (lO), r = .90. The highly significant
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correlation of r = .90 reported "by Cooper can be attributed in part 
to the wide age range of the subjects tested.
Corrected Step Test
When fitness scores were plotted (Appendix A ), it was noticed 
that the Fitness Calculator ovezpredieted maximal oxygen consumption 
for scores above 60,0, In an attempt to improve the accuracy of 
prediction a correction factor was applied to the Calculator, Fitness 
values over 60,0 ml/kg/min were adjusted downward. The decrease 
ranged from 1.6 percent for M.K, to 8 ,6 percent for B.T.
Application of the correction factor resulted in an increased 
correlation (r - ,?68), decreased standard error, (S y*x = 4,9), and 
decreased mean difference (l,0). The correction factor applied to 
the Fitness Calculator improved the accuracy of prediction for the 
subjects in this study.
There is a high correlation r = .86 when comparing the 
corrected step test and 1,5 mile run. This, along with the low 
standard error of 3»7 indicates that these tests could be used 
interchangeably as tests of fitness.
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SUMMARY AND CONCLUSIONS
The purpose of this study was to determine the validity of 
the step test and 1,5 mile run as predictors of fitness. Correlations 
of r = .71 for the step test and r = «793 for the 1.5 mile run were 
statistically significanto The small mean differences were not 
significant. These statistical measures indicate a high degree of 
accuracy. However, the large standard error of the estimate reduces 
this accuracyo
The standard error of 7*22 for the step test means that 
fitness scores can range between 42,78 and 57*22 and still be within 
one standard deviation of a score of 50*0* Even with the reduced 
standard error of 4.9 for the corrected step test, scores can still 
range between 45.1 and 5̂ *9* These predictive measures can be of 
value as screening procedures for fitness, but are not recommended for 
use when a high degree of accuracy is required,
CONCLUSIONS
The results of this study supported the following conclusions: 
lo For the subjects in this study the step test and 1,5 mile 
run were valid predictors of fitness,
2„ The Fitness Calculator overpredicted fitness scores above 
6O0O ml/kg/min.
34
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3o A correction factor applied to the Fitness Calculator 
improved its accuracy of predictiono
PROLOGUE
In the fall of l97̂ i following two successful season of use 
in region 5 (California), the Forest Service decided to implement a 
nationwide fitness testing program for wildland firefighters. The 
rationale behind the test was discussed with the Uo S, Civil Service 
Commission and received its endorsement. Following the 1975 fire 
season, comments from the field were analyzed to determine the 
effectiveness of the program. Training programs and educational 
materials were devised to help workers meet required standards.
Further laboratory studies of the step test were designed to 
insure test accuracy in this unprecedented non-military testing pro­
gram. This project, conducted in the fall and winter of 1975"76, 
represents one phase of that laboratory testing program. As a direct 
consequence of this and other studies, adjustments were made in the 
scoring procedure (corrected step test).
Following the 1976 fire season, the Forest Service fitness 
testing and training programs were nominated for the U<> S. Department 
of Agriculture Honor Award. The award, presented in the Spring of 
1977 reads:
For exceptional performance in developing and implementing 
a unique physical fitness program with far reaching benefits for 
the Forest Service and other government agencies.
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MEAN
X
PEARSON PRODUCT MOMENT CORRELATION
N ZX'Y - ( 1 X) (l.Y)
- (%. Y)2
STANDARD ERROR OF THE ESTIMATE
S y x
\J
N ( N - 2 )
N^ Ŷ  - Y)̂  - N (^XY)-(ZX) ($.Y)'
NIX^ - (^X)2
REGRESSION OF Y ON X
a, regression equation 
Y = LX + a 
bo slope
. _ N (yXY) - (i.X) Ci--Y)
N;:, r"
c. y - intercept 
a = Y " bX
- CLxy
DIFFERENCE BETWEEN MEANS
- 2 (r) (S- ) (S- )
*1 %2
z = y- - y SD
X
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APPENDIX A;
VOg - Step Test vs. Direct Test
80L_
70-
I—Ie
60-
o
M0)
-PCO
40
Direct VÔ  (ml/kg/min)
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VO^ -
APPENDIX B;
Corrected Step Test vs. Direct Test
X = 55.6 
y = 56.6 
r = .768 
3yx = 4,9
80
c
* r 4s
bD
^  7 0 _
o
A0-P
CO —
0-p
I * -
40
Direct V0„ (ml/kg/min)
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appendix g :
^̂ 2 ~ '̂5 Mlle Bun vs. Direct Test
n = 20 
X == 56 ,̂  
ÿ  = 57.6 
r  = .793 
Syx = 3.12
80
•H 70
I—I
60
o  » >
• *f—i
40
Direct VO (ml/kg/mln)
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APPENDIX D
1.5 Mile Fitness Prediction Graph
c
E
cn
LU
CLOOcn
cn
CO
LU
zH;
U_
80
75
70
65
60
55
50
45
40
35
30
25
Altitude:
under 5 ,0 0 0  feet - no adjustment
5 .0 0 0  feet - subtract 30  seconds
6 .0 0 0  fe e t- subtract 40  seconds
7 .0 0 0  fee t - subtract 50  seconds
8 .0 0 0  feet - subtract 60  seconds
1.5 m ile  
f itn e s s  te s t
Exam ple A 1-l-M inute Run 35 Fitness Score
I ' ! > I ' I"' I ' I ' I IT ' 111' I ' i"iyn ' I M ' I ' 11 [T'T ! I
16 15 14 13 12 11 10 9 8 7 6
M IN U T E S
from B a lke ,  1963  C oo p e r ,  1 9 / 0 .  D an ie ls ,  1972, S h a rk e y ,  1975.
Before the run, go through a light warmup, then rest. Run the 1V2 miles over a 
level course. Pacing and high motivation are essential for best performance. 
Use your time for the run to predict aerobic fitness and work capacity. If 
you’ve been inactive, precede the test with at least 8 weeks of training 
(walk-jog-run program). Those over 35 years of age should have a medical 
examination, including an exercise electrocardiogram. 1 5
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CD■DOQ.
CgQ.
Subject Age 8ex Height cm
Date Time
..-.. 1.-..' Last
Ueigh-tî Food
Last
Drink
Hours I 
Sleep E
jast
%er.
Last
Smoke Temp.
Bar.
Pres.
Rel.
Hum.
POST
PULSE SCORE GROUP
STEP I
STEP III ' ' 1
STEP III
CGC I
CGC II-  - ■ ' "" 1 ■ " - "
1.5 MILE RUN TIME LEVEL
BICYCLE EHGOMETER TEST I BICYCLE ERGOMETER TEST II
WORKLOAD EXERCISEHEART RATE L/minute TIME WORKLOAD
EXERCISE 
HEART RATE L/minute TIME
1.0 - 360
1 .5 - 5̂ 0
2.0 - 720
2.3 - 900
1.0 - 1080
3.3 - 1260
4.0 - 1440
4 .3 - 1620
5.0 - 1800
3 .3 - I98O
Ul
CD
O
S-Pi
W
5"
CD
CD(+
M
X
H
■S3
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Corrected Fitness Calculator Insert
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33 33 33 33 33 32 32 32 32 32 32 32 32
34 34 34 34 33 33 33 33 33 33 33 33 33
35 35 35 34 34 34 34 34 34 34 34 34 34
36 35 35 35 35 35 35 35 35 35 35 34 34
36 36 36 36 36 36 36 36 36 36 36 35 35
37 37 37 37 37 37 37 37 36 36 36 36 36
38 38 38 38 38 38 38 38 38 38 38 3 / 37
39 39 39 39 39 39 39 39 39 39 39 38 38
41 40 40 40 40 40 40 40 40 40 40 39 39
42 42 41 41 41 41 41 41 41 41 41 40 40
43 43 42 42 42 42 42 42 42 42 42 42 41
44 44 43 43 43 43 43 43 43 43 43 43 43
46 45 45 45 45 45 44 44 44 44 44 44 44
47 47 46 46 46 46 46 46 46 46 46 46 46
48 48 48 47 47 47 47 47 47 47 47 47 47
50 49 49 49 48 48 48 48 48 48 48 48 48
52 51 51 51 50 SO 50 SO 50 50 50 50 50
53 53 53 53 52 52 52 52 52 52 51 51 51
55 55 55 54 54 54 54 54 54 53 S3 S3 52
57 57 56 56 56 56 56 56 56 55 55 54 54
59 59 58 58 58 58 58 58 58 56 56 55 55
60 60 60 60 60 60 60 59 59 58 58 57
62 62 61 61 61 61 61 60 60 60 59
64 64 63 63 63 63 62 62 61 61
66 66 65 65 65 64 64 64 62
68 68 67 67 67 66 66 65
120 130 140 ISO 160 170 180 190 200 210 220 230 240
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APPENDIX G
Fitness Calculator
directions
J[ —  Have subject rest a le w  m ifv jie s  before the test (c»o oo l lake  test after exercise, meals, coffee, 
Cigarettes)
2 —  S tart the  M etronom e {90 beats per m m ule)
2 —  H ave subject step up onto bench and back lo  Hoor keepirtg lim e  w ith the m e lronom e beat
it subject can i  keep up withi the beat because o f poor condition stop and retake after several 
weeks o f conditioning C hange fhe lead 'eg  if it becom es tired S lo p  the test it the s u ^ e c l 
show s obvious physical d istress or cannot keep pace w illt the timer
4 "  five m inutes of exercise stop m etronom e and have subject sit down
g —  C ount subject s puise tat wnsi or ih ro a ij (or exactly 1S seconds 
s ta rling  exac jiy  t s  seconds after the step lest exerc ise .’
g * _  U se post exerc ise  pulse count and body w eight on 
®  ca lcu la to r be low  to determ ine fitness score
‘ ^e qu ipment  needed
Sturdy bench
iS^x inches h igh for men.
13 inches h igh lo r women
M etronom e or other 
audible signaling 
device such as a tape 
recording, set for 90 beats 
per m inute
Scale a c c u a te  to 
± 2 pounds
S topwatch
Therm om eter
Quiet room  65-75  F
Form s to r reco rd ing  
age puise ra le  etc
•6-u s  OOVISNWINT PBINIINO o rr ic t ’ V?fr O -22 S -f7 0
B o d y
Weight
' -Women
How to USB the calculator
1 E nter body w eigfii
2  Locate post-exercise pulse couni in co lum n
3 O jt^oS ite  pulse count find fitness score
4  Turn card over and enter fitness score
5  F ind age^adjusled score opposite  nearest age
6  W ith ad justed fitness score, tm d your physical 
fitness raitrrg
Tu rrt
Card
T o
O
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